The present paper proposes a method for estimating the numerical curve of gear selectivity without the assumption of function of selectivity curve and estimating confidence intervals, using data of catch per unit effort at length for several nets of different mesh sizes obtained from fishing experiments. The paper assumes such geometric similarity as the selectivity is the same if the rate of fish length to mesh size is the same. The basic idea is due to a technique of numerical integration that uses the derivatives at various points. The natural logarithm of selectivity is expressed by an approximation equation using its cumulated derivatives. The values of derivatives at various lengths are calculated from the data. The confidence intervals are made from the bootstrap samples.
INTRODUCTION
Estimates of size-selectivity of fishing gear give us important information on conservation and optimum usage of fisheries stock. [1] [2] [3] The estimates are available for calculation of appropriate mesh size for conservation of adult stock, which produces offspring, and also for estimating optimum mesh size for maximizing the yield per recruit.
There are two methods for calculating the estimates as retention rate. One is a direct estimate using the catches of unselective and selective gears and the other is an indirect method of comparing the catch-at-size of selective gear for various mesh sizes. In such gears as trawl, the direct estimate can be made comparing the catch of the cover net with that of the selective net. 4, 5 For gears such as gill net and hook-and-line, however, the experiment using the cover net is technically difficult to implement and only indirect estimation is considered to be applicable.
Methods for calculating indirect estimates of gill net selectivity from comparative catch data have been presented. [6] [7] [8] [9] [10] [11] [12] [13] [14] The majority of the methods use some mathematical function expressing selectivity for estimation, whereas the Ishida method 6 has an advantage in that it does not assume an unknown function of the selectivity curve. However, the method to illustrate the curve is due to the trial and error process and may be subjective in that the method does not incorporate a statistical approach. The problem is not fully resolved in the modified methods of Ishida. 7, 8 Therefore, a method is required that uses an objective calculation method so individuals can obtain the same curve. An idea to realize this is to apply a technique of numerical integration. If we can numerically calculate the value of a derivative of an unknown selectivity curve for various sizes of fish, we can apply numerical integration and can, therefore, reconstruct the selectivity.
The present paper proposes a method for estimating a numerical curve of gear selectivity without assumption of the function of the selectivity curve and estimating confidence intervals. The selectivity in this paper is defined as the retention rate standardized by its maximum rate. The method is applied to the data of catch at length of pink salmon Oncorhynchus gorbuscha, by the mesh of a gill net. Data collection, modification and issues of the method are discussed.
Next, we consider a method for calculating (l, y¢(l)) using the experimental data. Let x j ( j = 1,2, . . . , X), m i (i = 1,2, . . . , M), s(m i , x j ), and C ij be the length of fish (cm), size of mesh (cm), gear selectivity, and catch per unit of effort (CPUE, number of fish per net-day) by length. We suppose that m i < m i+1 for all i. From the assumptions of the catchability coefficient C ij is expressed by: (10) where q is the catchability coefficient (per unit netday) and n j is the abundance (number of fish). Under the similarity assumption of selectivity, the following equation holds: (11) Using equations 10 and 11, equation 4 for a specified mesh t and the corresponding length are approximated by:
Applying the mean value theorem, the individual error of equation 12 is expressed by: (15) Therefore, the sum of the two errors due to the approximations is proportional to y (3) (l). The calculation of s(l k ) consists of the following three steps. The first is to calculate the values of (l, y¢(l)) using equations 12 and 13. If the data consist of N length classes, N(M -1) sets of (l, y¢(l)) are obtained because (M -1) sets of (l, y¢(l)) are calculated from one length class. The second is to arrange the N(M -1) sets of (l, y¢(l)) in order of size of l, as l k < l k+1 for all k, and the third is to compute the value of s(l k ) using equation 9. The confidence intervals are computed by the bootstrap method.
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Application
The method is applied to the data of the experimental catch of gill nets for pink salmon in 1957 in the North Pacific. 16 Tables 1 and 2 show the length composition by mesh size and the catch and effort by sampling station, respectively. The data sources are the same as used by Ishida; 6 however, the data used in the study by Ishida 
MATERIALS AND METHODS
Method for calculating gear selectivity curve
We consider that gill nets of several mesh sizes for fishing experiments are simultaneously used for catching a target species, that the experiments are implemented in some sampling stations, and that lengths of all fish caught are measured. We assume (i) that the selectivities are the same when the rate of fish length to mesh size is the same (geometric similarity); (ii) the catchability coefficient at the length having the maximum retention is independent of mesh size and is constant; and (iii) the catchability coefficient at length is expressed by the product of the catchability and the selectivity.
First, we suppose that a smooth selectivity curve for a mesh, say s(l) (0 < s(l) £ 1), is expressed by a function of length l (cm, l > 0) and that s(l) is differentiable in the domain l > 0. We express s(l) by:
The differential coefficient in equation 3 is approximated by the difference:
From the mean value theorem, the error due to the approximation in equation 6 is expressed by:
Here, y (n) (l) denotes the nth derivative of y(l). Equation 8 shows that if y(l) is quadratic the error is negligible. Because we cannot, in general, calculate the value of y(l 0 ), we have to standardize the calculated s(l k ) as the maximum of s(l k ) is the unit. The standardized s(l k ) is expressed by: 
where c a (a = 1,2,3,4) is the coefficient to be estimated and c 0 is the nuisance parameter. Assuming that the probability distribution of CPUE is Poisson and denoting the effort for mesh i by E i (net-days), the unknown parameters are estimated maximizing the following conditional log-likelihood using the multinomial distribution:
The data used for calculation of LL are all the values in Table 3 . The solution maximizing equation 19 can be numerically searched by means of the quasi-Newton method that is built in solver in ms-excel (Microsoft Corporation). After the estimation the model of s(l) is standardized as the maximum of s(l) in appropriate range is the unit. Table 4 shows the results of the calculation of equations 12-14 using the values in Table 3 . Table 5 indicates the results of the calculation of equations 6-8. Table 6 shows the results of the estimation using the parametric model. Figure 1 illustrates the estimated curve of the selectivity of 12.1 cm mesh with 95% confidence intervals. The intervals around the top of the selectivity curve and the tails are narrower than those in the middle ranges. Figure 2 shows the results of the sensitivity tests and suggests that the extent of the dependency of the catchability coefficient on mesh size is small. Figure 3 compares the results by the present, Ishida, and parametric methods. The s(l ) curves from the three methods seem to be close to each other; however, s(l) from the parametric model is slightly wide.
RESULTS
DISCUSSION
The method has such advantages as: (i) the shape of the selectivity curve is flexible; (ii) anyone can obtain the same result; and (iii) we can assess the west of 180°because the stock in the eastern region may be different from that in the western region and the catch amount in the eastern region is small. Table 3 tabulates the average of the CPUE at length by mesh size calculated from Tables 1 and 2 . The data for lengths 41.5-47.5 cm are used for estimation because the catch amounts in the other length classes are considered to be too small in calculating equation 12.
For estimating the confidence intervals by the bootstrap method, 10 samples of catch and effort are resampled from Table 2 and the catch at length is made using the length composition (Table 1) assuming the multinomial distribution, because the data are published in summarized statistics format and the catch-at-length by mesh size and operation day are not available. The 95% confidence intervals are derived from 2000 resamples. Note that width of the computed intervals will be negatively biased because variation among the operations is ignored.
In order to investigate effect of the dependency of the catchability coefficient on mesh size to the estimation, the estimates of s(l) are carried out under each of the cases where q is directly or inversely proportional to m i : Table 5 Selectivity of gill net of 12.1 cm mesh, s, calculated using the values in the right two columns of Table 4 k be enough large to obtain the C ij with relatively small error and to apply the bootstrap method that is due to the asymptotic property. However, the necessary sample sizes and appropriate interval of mesh sizes are not investigated and should be examined in the future.
In the results of applications, the values of Dl in Table 4 are slightly large compared with an anticipated width of the domain of s(l), in particular, l > 59 cm. Hence, the values of s(l) in such a range may be biased by the error due to the approximation. The individual error due to the two approximations is cumulated in w(l k ); however, the cumulated error is expected to be small around the top of s(l) because the error is cancelled out by the standardization by equation 9 . If the parametric model is true, the individual error in many points of l k will be positive because the value of Dl is larger than that of Dl k and y (3) (l) is the positive constant. Then, s(l) by the method will be negatively biased in the domain lower than the length at the top of s(l) and positively biased in the upper domain. However, this consideration is inconsistent with the results shown in Fig. 3 and further detailed analyses are needed for investigating the reason for the discrepancy.
For the cost that any model of probability distribution of measurement and process errors are not introduced explicitly to the method, the method has some demerits. First, it is difficult to estimate the value of the catchability coefficient by the method, although the value may depend upon mesh size. However, as shown in the results of the application, we can see the sensitivity for plausible ranges of hypotheses of changes in q and the results of the sensitivity test. Second, the method cannot statistically select the best model from models under various hypotheses. Simulation studies with operating models will be helpful for obtaining solutions of those problems.
to obtain the value close to the true one we must plan the data collection. First, it is ideal that the interval of successive mesh size is narrow because the width given by equation 14 is expected to become narrow. Second, the sample sizes should 
